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Proton (Deuteron) { Heavy Nuleus ollision inthe nuleus rest frame

�qv!qg = 2q+q2Twhere qT is the gluon transverse momentum.tg!q�q = 2k+k2Twhere kT is the gluon transverse momentum.Sine q+ � k+ � kT ; qT we have strong ordering (Io�e):�qv!qvg � tg!q�q � RATherefore, diagrams in whih gluon or heavy quarks are produedin ourse of the resatterings in a nuleus are suppressed bypowers of energy p+ � ps.



Leading order diagrams
All possible ases depending on the time of the gluon emission inthe amplitude �1 and in the omplex onjugated one �2, and q�qpair emission in the amplitude t1 and in the omplex onjugatedone t2:
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Cross setion for quark prodution in p(d)Aollisions
d�d2k dy = �qv!qvg(z1; z2)
 �g!q�q(x� x0; y � x0; �)
�(x; y; x0; z1; z2; b) e�ik�(x�y)where �'s are the squared light-one wave funtuions and � isthe Glauber-like resattering fator. We summed up terms of theorder �2sA1=3 whih give multiple resatterings of a proton in anuleus. We negleted low-x evolution terms �s ln(1=x) { OKat RHIC at y = 0.In the nuleus light-one frame pA sattering an be viewed as asattering of a proton o� the q�q utuation of a strong olor �eld,i.e. Color Glass Condensate (MLerran & Venugopalan, Kovhegov).The hromoeletri omponent of that �eld is E � Q2sg whereQs � A1=6 s�s (Gribov, Levin, Ryskin). It an produe q�q pairsfrom vauum ifgE � m� � m2 ) Q2s > m2Thus, at large s transverse struture of hadrons is of ruialimportane.



kT -fatorization
For pp sattering (at RHIC) it is possible to simplify formulas andwrite the kT -fatorized expressiond�d2k? dy1 dy2 =Z d2q?1 Z d2q?2 �(y1; q?1)Agg (ŝ; t̂; û; q2?1; q2?2)�(y2; q?2);where �(y; q?) = dxG(y;q?)dq2? (Levin at. al. , Catani et. al. , Collins &Ellis).These are the Feynman diagrams whih ontribute to A:

It works for b-prodution at Fermilab! (H�agler et. al. ). It is notlear if in pA ase suh simple formula an be written. However,we will use it for phenomenologial appliations to pA and AAollisions.



Collinear fatorization (parton model)

Collinear fatorization: the typial transverse momentum inherentto a hadron wave funtion is q2T ' Q2s. If Qs � m it is a goodapproximation to take qT ! 0 and average over its diretions.Then one getsd�d2k? dy1 dy2 = xG(y1) d�̂ggdt̂ (ŝ; t̂; û) xG(y2)It desribes the experimental data on pp at high energies only ifone introdues1. the K fator to �x the overall normalization;2. the intrinsi momentum kintr � �QCD to make the alulatedspetrum harder.The kT -fatorization is free of suh problems!



kT -fatorization in AA
We assume that the kT -fatorization also works for AA. In theframework of the Color Glass Condensate it is proved at the lowestorder in nulear partoni density (Gelis & Venugopalan).Properties of the unintegrated gluon distribution of anuleus �A(y; q?):1. it is blak at q? � Qs, its value is known form theoretialstudies of DIS (Kovhegov & Tuhin):�A(y; q?) = 4CF SA�s 2 (2�)2 ln(Q2s=q2?)2. high q? tail is the same as in parton model:�A(y; q?) � q�2?3. it has the geometri saling (Gole-Biernat et. al.) built inin agreement with the nonlinear evolution equation (Balitsky,Kovhegov) �A(y; q?) = �A(q2?=Q2s(y))



Interplay of di�erent sales in open harmprodution
Mass of a harmed quark is m � 1:3 GeV. The saturation saleat RHIC is Q2s � 2 e0:3 y GeV2. Therefore,� At � = 0 at RHIC Qs ' m. The nulear olor �eld is notstrong enough. Therefore, expet Noll salingdNdy d2p? � Noll� At �>� 2 there are two e�ets1. Qs beomes larger than m. The nulear olor �eld startsproduing pairs from vauum.2. Quantum orretions beome large: �sy � 1. Thishanges the anomalous dimension of the gluon distributionfuntion �A(y; qT) at q? > Qs. It produes suppresion athigh momenta (Kharzeev, Levin, MLerran). Therefore, expetNpart saling dNdy d2p? � NpartNote, that the invariant mass M has a large threshold M2 '4(p2?+m2). The extended geometri saling (Levin & Tuhin; Ianu,Itakura & MLerran) holds up to M < Q2s=Qs0. Therefore, thekT -region of the extended geometri saling for harm produtionis smaller than in light parton prodution ase.



Saling of harm spetra with atomi number A
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Suppression of the harm yield is learly seen at the forwardrapidity. This is the universal feature of all semihard proesses(saturation).



Open harm spetrum
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Dots: results of PYTHIA model for the same parameters as usedby PHENIX.Due to Noll saling at � = 0 shown spetra oinide with openharm spetra in pp (at large pT ).



Final state interations
Final state interations produe quenhing of light parton spetra(Gyulassy et. al. , Baier et. al. ). The energy loss of heavy quarks isalso important, however it is di�erent in one important aspet:the angular distribution of gluon emitted in the forward diretionvanishes { the dead one e�et (Dokshitzer & Kharzeev).QH(p?) 'exp24�2�sCFp� Lsq̂ L(p?)p? + 16�s9p3 L  q̂ m2m2 + p2?!1=335 ;
where q̂ is a transport oeÆient,

L(p?) = � dd ln p? ln �d�vadp? (p?)� :The form of the spetrum determines L(p?) and therefore it isessential for alulation of QH(p?).



Quenhing of open harm at RHIC
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Conlusions
1. In the midrapidity Qs ' m, and the Color Glass Condensateis represented by a quasi-lassial �eld. Therefore open harmspetrum in AA and dA sales with number of binary ollisions.
2. At forward rapidity the spetrum sales withNpart. Therefore,RharmAA and RharmdA derease with entrality at � = 2:RharmAA � 1=A1=3 � 1=qN1=3part ' 0:5RharmdA � 1=A1=6 � 1=qNAupart ' 0:75
3. The open harm spetrum alulated in kT -fatorization issigni�antly harder than that in the parton model.4. The quenhing of the open harm spetrum is almost pTindependent at 2 < pT < 15 GeV due to the dead onee�et.


